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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 
for the 

Bureau of Ordnance, Department of the Navy 
PERFORMANCE OF SINGLE-STAGE TURBINE OF MARK 25 TORPEDO 
POWER PLANT WITH TWO SPECIAL NOZZLES 
II - EFFICIENCY WITH 20°-INLET-ANGLE ROTOR BLADES 
By Harold J. Schum and Warren J. Whitney 


SUMMARY 

A single-stage modification of the turbine from a Mark 25 
torpedo power plant was investigated to determine the performance 
with two nozzle designs in combination with special rotor blades 
having a 20° inlet angle. The performance is presented in terms 
of blade, rotor, and brake efficiency as a function of blade- jet 
speed ratio for pressure ratios of 8, 15 (design), and 20. 

The blade efficiency with the nozzle having circular pas- 
sages (K) was equal to or higher than that with the nozzle having 
rectangular passages (J) for all pressure ratios and speeds inves- 
tigated. The maximum blade efficiency of 0.571 was obtained with 
nozzle K at a pressure ratio of 8 and a blade- jet speed ratio of 
0.296. The difference in blade efficiency was negligible at a 
pressure ratio of 8 at the low speeds; the maximum difference was 
0.040 at a pressure ratio of 20 and a blade- jet speed ratio of 
0.260. 

The blade efficiency of the unit with nozzles J and K was 
compared with the blade efficiencies obtained with four other 
nozzle designs previously investigated in combination with the 
20°-inlet-angle rotor blades. The blade efficiency with nozzle J 
was relatively low, whereas the efficiency with nozzle K was equal 
to or higher than those with the other nozzles over the range of 
speeds at pressure ratios of 15 and 20. The maximum difference 
in blade efficiency ascribable to the nozzle designs was 0.040. 
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INTBODUCT I ON 

The performance of the turbine from the Mark 25 aerial-torpedo 
power plant was investigated at the NACA Lewis laboratory at the 
request of the Bureau of Ordnance, Department of the Navy. Because 
of the small blade heights and the impracticability of obtaining 
measurements within the turbine, the only method of evaluating char- 
acteristics is a comparative study of over-all performance with 
various nozzle and rotor configurations. Previous investigations 
with various nozzle and blade designs are reported in references 1 
to 4. 


The nozzle-design studies have been continued with two addi- 
tional nozzles arbitrarily designated J and K. Both nozzles had 
smaller port cross-sectional areas than those nozzles of similar 
design previously investigated. The performance of a single-stage 
unit with nozzles J and K and special 0.45-inch rotor blades is 
reported in reference 5. In the investigation reported herein, 
nozzles J and K were operated in combination with rotor blades of 
standard length (0.40 in.) but an inlet angle of 20° instead of the 
standard 17° inlet angle. 

The performance of the single-stage turbine was determined 
for constant inlet temperature and pressure of 1000° F and 95 pounds 
per square inch gage. The turbine was operated at pressure ratios 
of 8, 15 (design), and 20 over a speed range of 6000 to 18,000 rpm. 
Indicated turbine power output was corrected for mechanical losses 
to determine rotor efficiency and for mechanical and windage losses 
to determine blade efficiency. 


APPAEATUS AND METHODS 

The Mark 25 aerial-torpedo power plant described in reference 1 
consists of a two-stage counterrotating impulse turbine employing a 
90°-nozzle-arc gas admission. The unit was modified to operate as 
a single-stage turbine for the investigation reported herein, the 
apparatus and instrumentation being the same as that described in 
reference 2 with the exception of the rotor and the nozzles. The 
rotor blades investigated have an inlet angle of 20° instead of the 
standard 17°. 

Characteristics of nozzles J and K and nozzles A, E, H, and I 
previously investigated are presented in the following table: 
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Nozzle 

Number 

of 

ports 

Port- inlet con- 
figuration 

Cross-sectional 
shape of port 

Total 
measured 
throat 
area 
(sq. In.) 

Measured 

expansion 

ratio 

A 

9 

Rounded 

Rectangular 

0.183 

1.47 

E 

9 

Rounded 

Circular 

.193 

1.00 

H 

9 

Sharp -edged 

Rectangular 

.226 

1.12 

I 

9 

Sharp- edged 

Rectangular 

.217 

1.20 

J 

9 

Sharp- edged 

Rectangular 

.191 

1.11 

K 

8 

Sharp-edged 

Circular 

.153 

1.16 


Nozzles J and K are shown in figure 1 and are described in 
reference 5. Nozzle J was run with a 0.030- inch nozzle-rotor axial 
clearance; nozzle K was operated at 0.040-inch clearance. Refer- 
ence 3, however, indicates no effect on turbine performance for 
this increment in clearance. 

The precision of the observed measurements is estimated to be 
within the following limits: 


Air flow, percent ±1.50 

Torque, ft-lb . .....±0.15 

Dynamometer speed, rpm ±5 

Inlet-gas temperature, percent ..... ±0.25 

Inlet -gas pressure, percent ±0.50 

Pressure, in. Eg absolute ±0.05 


The calculation methods are given in references 1 and 2. 


RESULTS AND DISCUSSION 

The efficiency data of the Mark 25 turbine modified to operate 
as a single-stage unit with nozzles J and K and special 20°-inlet- 
angle blades are summarized in tables I and II, respectively. 

Brake efficiency and rotor efficiency are shown in figures 2 
and 3, respectively, for the two nozzle- rotor configurations. At a 
pressure ratio of 8, the brake efficiencies with the two nozzles 
were practically equal over the speed range, as were the rotor 
efficiencies; the maximum efficiency difference is less than 0.010. 
At pressure ratios of 15 and 20, however, both brake and rotor 
efficiencies for nozzle K were higher than those Obtained for 
nozzle J over the operating range. 
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The blade efficiency with the two nozzles is shown in figure 4. 
Blade efficiency was considered a better criterion of performance 
for a given nozzle-blade combination because the effects of mechan- 
ical friction and windage are eliminated. A maximum blade effi- 
ciency of 0.571 was obtained with nozzle K at a pressure ratio of 8 
and a blade- jet speed ratio of 0.296 (fig. 4(a)). The blade effi- 
ciency of nozzle K was equal to or higher than that obtained for 
nozzle J over the range of operating variables investigated. These 
results show a reversal of the trend indicated in reference 5. The 
explanation of this reversal is beyond the scope of this report. 

The maximum difference in blade efficiency was 0.040 at a pressure 
ratio of 20 and a blade- jet speed ratio of 0.260 (fig. 4(c)), the 
difference being negligible at a pressure ratio of 8 and the low 
speeds (fig. 4(a)). 

For all pressure ratios and all nozzle-rotor combinations 
investigated, efficiency continuously increased with blade-jet 
speed ratio. It was impossible to obtain a peak efficiency because 
turbine speed was limited to the design value of 18,000 rpm. Effi- 
ciency decreased with an increase in pressure ratio for any given 
blade- jet speed ratio and for all nozzle-rotor combinations. Blade- 
horsepower output is defined as brake-horsepower output plus windage 
and mechanical losses. Because windage losses are a function of 
rotor and blade configuration and mechanical losses are dependent 
on the reduction-gear and bearing friction, these losses are for 
the most part independent of nozzle design. The horsepower neces- 
sary to overcome these losses for any specified inlet condition, 
blade- jet speed ratio, and pressure ratio is the same for both 
nozzles J and K. Crediting the turbine output with this incre- 
mental horsepower does not result in equal increments of efficiency 
(blade minus brake) for the two nozzles because the observed weight 
flow for nozzle K is approximately 77 percent of that for nozzle J 
at corresponding flow conditions j and efficiency is an expression 
of horsepower per pound of air flow at the specified operating 
conditiors. This effect is noticeable when figures 2 and 4 are 
compared. Although the maximum brake efficiencies are substan- 
tially equal for the two nozzles at a pressure ratio of 8 
(fig. 2(a)), the maximum blade efficiencies at corresponding 
conditions (fig. 4(a)) differ by 0.020. 

The blade efficiencies of the rotor having 20°- inlet-angle 
blades with nozzles J and K are compared (fig. 5) with results 
previously obtained at corresponding operating conditions with 
nozzles. A, E, H, and. I (reference 4). The maximum variation in 
efficiency was 0.040. The blade efficiency obtained with nozzle J 
was generally lower than that obtained with the other nozzles. 

The blade efficiency for nozzle K was equal to or higher than that 
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for the other nozzles at pressure ratios of 15 and 20 over the 
speed range investigated. At a pressure ratio of 8, the blade 
efficiency of nozzle K was exceeded by that obtained for nozzles 
I and A. 


SUMMABY OF RESULTS 

An investigation of a single-stage modification of the tur- 
bine from a Mark 25 aerial-torpedo power plant with two nozzle 
designs and 20°- inlet-angle blades produced the following results: 

1. The blade efficiency of the unit with nozzle K was equal 
to or higher than that obtained with nozzle J over the range of 
operating variables investigated. The maximum blade efficiency 
of 0.570 was obtained with nozzle K at a pressure ratio of 8 and 
a blade- jet speed ratio of 0.296. 

2. The difference in blade efficiency was negligible at a 
pressure ratio of 8 and the low speeds. The maximum difference 
in blade efficiency was 0.040 at a pressure ratio of 20 and a 
blade- jet speed ratio of 0.260. 

3. The blade efficiency for nozzle J was relatively low com- 
pared with the nozzle designs previously investigated. At pres- 
sure ratios of 15 and 20, the blade efficiency for nozzle K was 
equal to or higher than those obtained with other nozzles. 

4. The maximum difference in blade efficiency ascribable to 
the six nozzle designs in combination with the 20°- inlet-angle 
rotor blade was 0.040. 
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TABLE II - EFFICIENCY DATA FOB SINGLE-STAGE MODIFIED TURBINE WITH NOZZLE K AND 20 - INLET - ANGLE BLADES 
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(b) Nozzle K; angle of intangency a, 6°. 
Figure 1. - Nozzle assembly showing outlet side. 
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Brake efficiency 
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Blade-jet speed ratio 


(c) Pressure ratio, 20. 

Figure 2. - Variation of brake efficiency with 
ratio for single-stage modified Mark 25 tor 
nozzles J and K in combination with special 
blades. 





Rotor efficiency 
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Blade-jet speed ratio' .. . - 


(c) Pressure ratio, 20. 

Figure 4. - Variation of blade ef f i ci ency *w i th blade-jet sp< 
ratio for single-stage modified Mark 25 torpedo turbine w 
nozzles J and K in combination with special 20°-i n let-ang 



Blade efficiency 


(a) Pressure ratio, 8. 
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(b) Pressure ratio, 15. 
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Blade-jet speed ratio 

(c) Pressure ratio, 20. (Data for nozzle H were obtain 
pressure ratio of 19.) 

Figure 5. - Variation of biade efficiency with blade-jet 
ratio for single-stage modified Mark 25 torpedo turbine 
nozzles J, K, A, E, H, and I in combination with specia 
20°-in let-angle blades. (Data for nozzles A, E, H, and 
obtained from reference 4.) 
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